In this paper, we consider a 3 x 3 system for a reacting flow model with a source term in [7] . This model can be considered as a relaxation approximation to 2 x 2 systems of conservation laws, which include the well-known p-system. From this viewpoint, by introducing the new waves through time-asymptotic expansion and using the L2 energy method, we establish the global existence and the linear stability of traveling wave solutions.
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P(SE{P) -s) r
where r is a reaction time, and te(p) and Se(p) are equilibrium distributions. The reader is referred to [7] for more physical and numerical background.
The Lagrangian form of (1.1) is vt -ux = 0, l~ Px = 0, (1.4)
Consider the Riemann problem of (1.4) with the following data:
(v(x, 0),u(x, 0)) = (v0(x), u0(x)), (1.5) where (v0{x),u0{x)) = (v-,u-), x < 0, (v+,u+), x > 0, and (v-,u-) and (v+,u+) are two constant states. We give the following hypotheses: for some constants c\ and d\ such that 0 < c\ < v-,v+ < d\ < +oo, it follows for v € [ci,di] and for some positive constants a\ and a,2 that Hi) Pe(v) < _ai < H2) Pe(v) > a2 > 0, Hs) \p'E(v)I < Ha) Pe{v),p'e>p'e'P'e are bounded, with pzp -pe(v=f)-Here H3) relates to the so-called sub-characteristic condition (see [8] B. The entropy condition holds, namely for any v between V-and v+,
where cr2(v,v*) = -and v* = v_ or i>+.
For any given single weak shock wave (a; v^,u^;v+,u+) of (1.4) satisfying the entropy conditions, it has been proved in [13] that (1.3) admits a smooth traveling wave solution:
(v,u,p)(x,t) = {v,u,p)(0
where ^ The nonlinear stability of (v,u,p) for (1.3) has been established by Pan in [13] under the following zero excess mass restriction
which says that this kind of perturbation on a shock profile produces only a translation. A similar result can be found in [15] . For 2x2 relaxation models, the stability of elementary waves has been obtained in [8] , where the corresponding equilibrium equation is a scalar conservation law. Therefore, a generic perturbation of a shock profile indeed produces only a translation.
However, as mentioned in [9] , [11] , and [14] , since the equilibrium system for (1.3), i.e., (1.4) is a 2 x 2 system, a generic perturbation of a single shock front will create not only a translation but also some new waves. By this observation, the stability of a single shock front for a linearized system of the following rate-type viscoelastic system vt-ux = 0, ut +Px = 0, , , \p + Ev]t = PR{v)~P, T is proved in [11] without the restriction (1.8). For the system (1.9), the nonlinear stability of two-mode shock waves has been shown in [5] , where a generic perturbation indeed produces only the translations of 1-and 2-shock profiles. For this system, the nonlinear stability of a single shock under (1.8) and the nonlinear stability of rarefaction waves have been established in [3] and [4] respectively.
It is known that the second order of the Chapman-Enskog-type expansion of (1.3) is a 2 x 2 viscous conservation law. Based on this fact, we construct a diffusive wave that carries the "excess mass" along the right eigenvector belonging to the other family of the shock front. We also introduce a high-order correction that carries the zero net "mass". Then we can establish the linear stability result similar to [11] as the first step of nonlinear stability.
It should be noticed that the principle part of (1.9) is linear, but the principle part of (1.3) is nonlinear; thus, more difficulties occur certainly. It should also be pointed out that, to show the linear stability result with the system (1.9), one only needs to deal with a linear system (see [11] ); however, we have to work with a nonlinear system instead. Now, let us turn to our main result of this paper.
Since we are only interested in the large-time behavior of the solution to (1.3) for fixed r, we can assume that r = 1 without loss of generality. Assume that (u_,u_) and (t>+,u+) can be connected by a 2-shock of (1.4) with speed a > 0. Then, V-< v+. The case for a < 0 can be treated similarly. Then the linearized system of (1.3) at the shock profile (v,u,p) is
In the following we will consider (1.10) with the initial data: {v{x,0),u{x,0),p{x, 0)) = (uo(x),uo(x),po(a:)), (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) which is a generic perturbation of the shock profile {v, u, p) in the following sense:
for suitable small numbers 61,62-Suppose that the shock wave is sufficiently weak, i.e., 13) so that the vectors {v+ -v-,u+ -«_)' and (1, yj-p'E{v-)Y are linearly independent (the vector (1, y/-p'E{v-))1 is the right eigenvector belonging to the 1-family for (1.4)).
Then there are constants xo and 6, determined uniquely, such that
e note that the first part of the right-hand side of (1.14) produces a translation of the shock profile (see (3.11) below for instance) while the other part will create some new waves that will be determined later in Sec. 3. The main result of the present paper is the following stability theorem.
Theorem
1. Suppose that Hi)-Ha) hold. Let {v, u,p){x + x0 -at) be the shock profile of (1.3) corresponding to the shock wave (<7; v_, m_; v+, w+) of (1.4), and let Xq be the translation uniquely determined by (1.14) . Suppose that the initial data (vo, uo,po)(x) satisfies We will end this introduction by outlining the plan of the remaining part of this paper. In Sec. 2, the traveling wave solutions are discussed carefully. The diffusive waves and the high-order correction are studied in Sec. 3. Based on the results in Sees. 2-3, we use time-asymptotic expansion and energy methods to prove the linear stability in Sec. 4. Under iii)-/^), it is proved in [13] that (2.1) admits a smooth traveling wave solution, which is unique up to a shift of £, provided that |u+ -u_| is small. We now sketch the proof and give some properties of the traveling wave solution.
It is easy to know that (v, u, p) satisfies
Thus, we have
It is not difficult to get from (2.4) that = g{v) (2.5)
CT(I )
Due to entropy and sub-characteristic conditions (see [8] Thus, by integrating (2.5), we obtain
This gives an implicit formula for v(£) that is uniquely determined (up to the choice of i>i) due to the properties of g. To be definite, we take "i = \{v-+ v+).
Then u(£) and p(£) can easily be determined. Therefore, we get |^| < C\v+ -v-\, |u€| < C\v+ -v-\, |p€| < C\v+ -v_|, and it is also true for the second and the third derivatives of v, u, and p, respectively.
We need the following sharper estimate, which plays a key role in our stability analysis.
Lemma 2.3.
where Ci (i = 1,2) is a positive constant.
Proof. Prom (2.5), % = g{v)e f{y,n)n (2-8)
where Due to the convexity of pe, the entropy condition implies the Lax shock condition (see [1] ), namely, -Pe(v+) < a2 < -p'E{v-).
(2.9)
Then we know that /(-oo) < 0 and /(+oo) > 0.
By a mean-value-theorem argument, one can prove that (cf. where (v,u,p) is the shock profile of (1.3) determined in Sec. 2 with a shift xo as in (1.14).
As mentioned in Sec. 1, a generic perturbation of a 2-shock front produces not only the translation but also some new waves along the direction of the 1-right eigenvector to carry the "excess mass" (see (1.14)). We also note that the second-order expansion of (3.1) (similar to the Chapman-Enskog expansion for the Boltzmann equation (see [8] )) is the following viscous conservation laws:
Motivated by the idea of [9] , we construct the diffusive wave n(x,t)( 1, ^/~p'E(v-))t with the base state (t>_,u_), which carries the "excess mass" <5(1, y?-p'E(v_))*. Here n(x,t) is a self-similar solution of the following equation:
It is known that (see [9] , [11] , and [14] ), we may choose n(x,t) as n(x,t) = (t + l)~2m(z), (3) (4) with m(z) = exp( -|^), z = and d=^~ + p'E(v-). It is easy to see Due to (3.9), we know that the high-order correction (the third terms in (3.7)) indeed carries the zero net mass. Then from (1.14), (3.5) , and the following fact To prove Theorem 4.1, we need the following a priori estimates. In the following, we always assume a priori that (tf>,ip) € X(0,T) is the smooth solution of (4.4)-(4.5) and (4.8) for some T > 0. Furthermore, we will use the fourth derivatives of <f> or ip formally. We may write m(z) as (4.14)
We will estimate the right-hand side of (4.14) next.
At first, we claim that there exist positive constants 6 § and 6g such that r+oo |w(a;,t) -v-\\m(x,t)\dx < bgr]6exp(-bg(t + 1)). We note that a -Ai > 0. It is easy to verify (4.15) by dividing the integral interval into (-oo, -|(<r -Ai)(t + 1) -x0 + at), { -^{a -Xi){t 4-1) -Xo + at, -x0 + crt), and (-xo + at,+oo), and then using (4.16)i and (4.16)2 on the different intervals. Similar estimates hold when we use the derivatives of m and h{v) -h(v~) (or vt) instead of to and v -V-in (4.15), respectively, for some C1 function h.
Next, we make some analysis on the term R{x,t). By (4.15), we have 
